ABSTRACT. Based on advantages of available modern image processing techniques, thin-layer chromatography combined with image analysis becomes a promising alternative for the mycotoxins determinations in various foodstuffs. For this, the effect of digitizing channel selection and image processing parameters on aflatoxin B2 (AB2) and ochratoxin A (OTA) determination was evaluated and the obtained results were compared with those of classical photodensitometric analysis. The best exciting wavelength for OTA was found to be λ excitation =333nm while for AB2 λ excitation =365nm. Low detection and quantification limits were determined (LOD OTA =0.310ng/spot; LOQ OTA =0.616ng/spot, LOD AB2 =0.557ng/spot, LOQ AB2 =1.098ng/spot). For image processing, the parameter with the highest influence upon the regression calibration curve was brightness and the best digitizing channel was found to be the green one. First-order calibration curve with a good determination coefficient (R 2 >0.99) were obtained on the working range of 2.5-50ng/spot. Although image processing techniques do not provide higher LOD and LOQ values than classical photodensitometry, this method offers the advantage of simultaneous quantification of both mycotoxins.
INTRODUCTION
Mycotoxins are toxic secondary metabolite produced by moulds. One mould species can produce many different mycotoxins, and the same mycotoxin can be produced by several species. Mycotoxins may appear in the food chain as a result of fungal infection or improper storage conditions. Some mycotoxins are mutagenic and carcinogenic while other present specific organ toxicity. Mycotoxins are resistant against chemical decomposition, digestion or temperature treatments, such as cooking and freezing. The scientific literature offers a wide range of information on the occurrence of mycotoxins in food and feed [1, 2] . Due to their toxicity, aflatoxins and ochratoxins are the most studied mycotoxins.
Aflatoxins are produced by the Aspergillus species of fungi. The main source of mycotoxins is Aspergillus flavus that has in its composition four toxic compounds known as -aflatoxin B1, B2, G1 and G2. When aflatoxins B1 and B2 are ingested by lactating cows, a small proportion is converted to hydroxylated compounds (aflatoxins M1 and M2) which are excreted in milk. Structurally, aflatoxins are highly substituted coumarins (Fig.1) . Under UV light, aflatoxins B present blue fluorescence, aflatoxins G present green fluorescence and aflatoxins M present violet fluorescence. Aflatoxins have teratogenic effects and can induce acute liver damage, liver cirrhosis and tumors development. Their toxicity decreases as follows: B1; M1; G1; B2; M2 and G2 [3] .
Figure 1. Aflatoxins structures
Ochratoxins are produced by Aspergillus and Penicilium species. There are at least seven structurally related compounds from which ochratoxins A (OTA), B (OTB) and C (OTC) are the most known (Fig.2) . Like most other mycotoxins they are stable at high temperatures and under UV light present green (OTA) or blue fluorescence. OTA is more toxic than OTB and OTC. Ochratoxins have immunotoxic, teratogenic and carcinogenic effects [4] . Human chronic OTA exposure is linked to increased incidences of nephropathy and urothelial tumors, especially in the Balkan region.
Figure 2. Ochratoxins structure
Grains, dried beans (cocoa, coffee and soy beans), barley, citrus, their products and wine can be contaminated when improper storage conditions are used. Ochratoxins can also be accumulated in meat and meat products.
Taking into account their high toxicity, regulatory limits have been established in many countries worldwide. The Commission of the European Communities [5] has set the maximum admitted levels for mycotoxins at μg/kg in different foods.
From the viewpoint of the food production industry, raw materials should be analyzed to screen the presence of mycotoxins using fast techniques such as enzyme-linked immunosorbent assay (ELISA) or electrochemical methods using biosensor. Confirmatory methods relay on chromatographic techniques such as high performance liquid chromatography (HPLC), thin layer chromatography (TLC), gas chromatography (CG) and capillary electrophoresis (CE) [6] . Scientific literature presents many review articles regarding mycotoxins analysis [7] [8] [9] [10] . By far, the most commonly used technique is RP-HPLC. Isocratic [9] as well gradient elution with organic solvent (methanol, acetonitril) and aqueous solution can be used [12, 13] . Detection is achieved by fluorimetric measurements [12] or by coupling with a mass spectrometer [15, 16] .
TLC analysis for mycotoxins is still popular for both qualitative and quantitative determinations [17] [18] [19] [20] [21] [22] [23] [24] . Silica gel layers seem to be the most common stationary phases used for such investigations. Different mobile phases combined with single, multiple, mono-dimensional or bidimensional development procedures [19, 23] were employed depending on the mycotoxins polarity and matrix complexity. Plate documentation was achieved either by measuring the fluorescence emission after UV light (364 nm) exposure or after spraying the plate with different reagents. Both scanning densitometry and image analysis techniques were employed for spot area evaluation. While linear calibration curve is preferred in quantitative analyses, second-order polynomial dependence between spots area and concentration was often observed in the case of image processing techniques.
In the matter of TLC combined with image analysis method, even for linear signal/concentration dependence, the accuracy in spot area determination can be strongly influenced by variation of image processing parameters (as contrast and brightness) usually involved in such methodology. Moreover, the quantification of mycotoxins by TLC leads to an increased difficulty due to their native fluorescence property.
Taking into account the importance of detection and quantification of mycotoxins in various foodstuffs, the purpose of this study is to evaluate the effect of different image processing parameters on the thin-layer chromatographic determination of mycotoxins. For this, the effect of color channel, contrast and brightness selection on the mycotoxins (OTA, AB2) quantification will be evaluated based on linear dependence parameters (slope and coefficient of determination (R 2 )) and method performance capacity (limit of detection (LOD) and limit of quantification (LOQ)).
RESULTS AND DISCUSSION
TLC analysis was carried out on Silica gel HPTLC plates using different solvent mixtures (Table 1) as mobile phase, the most efficient separation being achieved with ethyl acetate -toluene -formic acid (30:1.5:1, v/v). The chromatogram obtained in the conditions mentioned above is presented in Figure 3 . By plotting the emission signal vs. mycotoxins concentration (ng/spot), linear calibration curves were obtained in the working range of concentration 2.50 -50ng/spot (Table 2) . It has been noticed that incident radiation influences the size of the emission signal so that OTA can be determined only for λ excitation =365nm. Moreover, AB2 can be determined at both wavelengths. Contrarily to OTA determination, the excitation radiation of 365nm offers the highest sensitivity for AB2 with show the lowest value of detection limit (LOD) in these conditions (Table 2) . So far, image processing in TLC analysis has no established predefined rules. In principle, it is beneficial to use those combinations of processing parameters (contrast/brightness) that provide a white background, but do not lead to great loss of information. Moreover, when fluorescence visualization mode is used, an inversion operation is necessary in order to obtain positive values for spot area determination. Usually this procedure leads especially to background alteration and increases the difficulty of choosing the processing parameters. To have a deep insight of the problem, the image analysis was firstly performed without changing the contrast and brightness parameters. In this case a second-order calibration curve (spot area/concentration) was obtained for both investigated mycotoxins. Furthermore, if a linear dependence was taken into consideration, a significant decrease of the determination coefficient (R 2 ) was observed (Table 3) . By increasing the contrast and brightness with different percentages values the linear spot area/concentration dependence was observed. The calibration curve parameters and performance of detection and quantification obtained for different values of contrast (C1-C3) and brightness (B2-B4) are presented in Table 4 .
The graphical representation of the slope according to the image processing parameters for each of the channel selected for chromatogram digitization highlights several aspects, namely: (i) the highest values of the slope are obtained for the grey and green channels; (ii) high slope values are obtained for low brightness selection (B2); (iii) the slope values decrease as the brightness increases (B3, B4); (iv) for the same brightness value, an increased contrast results in a slightly increased slope. To exemplify, only OTA graphical representation ( Figure 5 ) is presented, but a similar trend has also been observed for AB2. The principal component analysis technique (PCA) was applied on data matrices consisting in numerical values of the slope, intercept and determination coefficient (as independent variables) corresponding to the investigated processing parameters (contrast (C1-C3) and brightness (B2-B4)) and colour channels (grey (GY), green (GR) and blue (BL)) used for chromatograms digitization. Based on the PCA investigations of OTA matrix, the most significant results are discussed as follows. The first principal component (PC1, representing 58% of the total variance in the data set) contains 34% information data regarding the slope, 39% regarding the intercept and 27% regarding the determination coefficient. The second PC (PC2, accounting 28% from the data variability) contains 67% information data regarding determination coefficient and 30% regarding the slope. The third PC (PC3, accounting 17.33% of data variability) is associated in a proportion of 58% to the intercept. The graphical representation of the PC3 vs. PC1 ( Figure 6 ) shows that green channel (GR) selection for plate evaluation leads to a significant difference in method sensitivity (significantly higher values of PC3) compared to the grey (GY) and blue (BL) channels (that show no significant differences in PC3 values). Moreover, for the green (GR) channel, it was observed a direct dependence of regression parameters (slope, intercept and determination coefficient) with brightness (black lines) and an inverse with contrast (red line) when processing parameters were increased with constant increments. The same behaviour was also observed in the case of AB2 investigations, but the direct relationships on the regression parameters based on the same brightness or contrast variations were not so evident.
CONCLUSIONS
The fluorescence photodensitometric investigation shows that both mycotoxins (AB2 and OTA) can be determined using 333nm as excitation wavelength, while 365nm leads to an increased sensitivity for AB2 determination. Moreover, better values for determination coefficient (R 2 ), and method performance parameters (LOD and LOQ) were obtained, compared to published data in scientific literature [24] .
The image processing investigation revealed several aspects, namely: (i) linear calibration curve can be obtained by a proper image processing; (ii) the best digitizing channel for fluorescence evaluation mode is the green one; (iii) high slope values are obtained for low brightness selection; (iv) the slope values decrease as the brightness increases; (v) an increased contrast results in a slight slope increase; (vi) LOD and LOQ values obtained by image processing are comparable to those obtained by photodensitometric method.
Taking into account the above presented issues, it has been concluded that, besides the classical photodensitometric TLC evaluation technique, the modern technique of image processing can also be used with good results for mycotoxins analysis.
EXPERIMENTAL SECTION

Reagents and materials
Aflatoxin B2 (AB2) and ochratoxin A (OTA) were obtained from Fluka (Switzerland). Ethyl acetate, toluene and formic acid were from the Chemical Company (Iași, România). HPTLC Silica gel 60 plates (20 cm x10 cm) were acquired from Merck (Germany). Standard solution of OTA (2.5μg/mL) and AB2 (2.5μg/mL) was prepared in methanol.
Analytical equipment and Software
Linomat 5 TLC applicator (CAMAG, Muttenz, Switzerland) with an application rate of 80 nL s −1 was used for standards application. A Nikon CCD camera was used to capture the image of chromatographic plates and Camag TLC Scanner 3 (Camag, Switzerland) for densitometric evaluation of the chromatographic plates. ImageDecipher-TLC software version 2.0 (BioDit Technology, Co. www.biodit.com) was used for the digital processing of images and spot area integration. Limits of detection and quantification (LOD and LOQ) were calculated using statistical methods in analytical chemistry (SMAC) (Meier, 1993). Statistica 8.0 software package (www.statsoft.org) was used for statistical data treatment.
Thin Layer Chromatographic Analysis
The separation of the investigated mycotoxins was performed on high-performance silica gel 60 plates (20 cm × 10 cm, Merck, Darmstadt, Germany). Spots of 1-20μL of standard solutions were applied at 15 mm distance from the edges of plate. The plates were developed in a saturated chamber using different mixtures of solvents as the mobile phase. The evaluation of the plate was performed using the classical photodensitometry and modern image analysis technique respectively. Two excitation wavelengths, 365 nm and 333 nm, were used for fluorescence photodensitometry. The modern assessment technique involves digitizing of the chromatographic plate by capturing its image with a CCD camera and saving the obtained image as a bmp file. Image processing was performed with the help of the specialized ImageDecipher software, following several steps: (i) image reversal in order to obtain densitograms with positive peak; (ii) selecting the area of interest -the spot area; (iii) choosing values for contrast/brightness processing parameters; (iv) choosing the pure color channel (red, blue, green) or neutral-grey channel. The contrast and brightness image processing parameters were modified as follows: the contrast was increased by 10% (C1), 20% (C2), 30% (C3) and the brightness by 20% (B2), 30% (B3) and 40% (B4). Higher percentages of variation were not used as they were leading to information losses or major background changes.
In all cases, peak surface area determined from the digitized chromatograms was used for calibration curve plotting.
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